Abstract. The standard treatment for stage II/III gastric cancer is surgical resection followed by adjuvant chemotherapy with fluoropyrimidine anticancer agents, including S-1. The protein, secreted protein, acidic and cysteine-rich (SPARC), promotes angiogenesis, and the proliferation and migration of cancer cells. The present study evaluated the significance of expression of the SPARC gene in patients with stage II/III gastric cancer who had undergone surgical resection and adjuvant chemotherapy with S-1. In the present study, reverse transcription-quantitative polymerase chain reaction was performed in order to quantify mRNA expression levels of SPARC in cancer tissues and adjacent normal mucosa obtained from 134 patients with stage II/III gastric cancer who had undergone surgical resection followed by adjuvant chemotherapy with S-1. The mRNA expression level of SPARC was significantly higher in cancer tissues than in adjacent normal mucosa (P=0.0012). Additionally, the 5-year overall survival rate was significantly poorer in patients with high SPARC gene expression than in those with low expression (P<0.0001). Furthermore, multivariate analysis indicated that high SPARC mRNA expression was a significant predictor of poorer survival in patients with stage II/III gastric cancer who had undergone surgical resection and adjuvant chemotherapy with S-1 (HR, 5.347; P<0.0001). Therefore, high expression of the SPARC gene may be a useful predictor of outcomes in patients with stage II/III gastric cancer, who have received treatment involving surgical resection and adjuvant chemotherapy with S-1.
Introduction
Gastric cancer is the third leading cause of cancer-associated mortality worldwide, accounting for 723,000 mortalities in 2012 (1) . Advanced gastric cancer continues to result in a high mortality rate despite progress in surgical techniques, diagnostic procedures and chemotherapy. The standard therapy for stage II/III gastric cancer is surgical resection followed by adjuvant chemotherapy (2) . Gastrectomy with D2-lymph-node dissection, followed by chemotherapy with S-1 for 1 year, was demonstrated to significantly improve survival in the Adjuvant Chemotherapy Trial of S-1 for Gastric Cancer (2, 3) . However, cancer recurs in a large number of patients even in those who have received therapy. Therefore, novel diagnostic and treatments approaches, including those based on personalized medicine and individual biomarker analysis, are required.
Secreted protein acidic and rich in cysteine (SPARC), also known as osteonectin, is a bone-specific protein that binds selectively to both hydroxyapatite and collagen (4) . Basement membrane protein 40, obtained from the basement membrane of a tumor, is also identical to SPARC (5) . SPARC is expressed by a number of cell types, and its expression contributes to the production and activity of matrix metalloproteinases, which are important for embryogenesis, adult bone organization, wound healing and tissue remodeling (6, 7) . SPARC also regulates other biological functions, including cell proliferation, migration, de-adhesion, differentiation and angiogenesis (8) . SPARC expression is upregulated in many types of cancer (9) , including pancreatic cancer, breast cancer, prostate cancer, colorectal cancer, gastric cancer and gliomas (7, (10) (11) (12) (13) (14) (15) . SPARC expression is also associated with patient outcomes and clinicopathological features, including the depth of cancer cell invasion and metastasis (16, 17) .
The present study measured mRNA expression levels of SPARC in gastric cancer tissues and adjacent normal mucosa obtained from 134 patients with stage II/III gastric cancer. The objective of the present study was to evaluate the clinical significance of SPARC gene expression in patients with stage II/III gastric cancer after curative resection and adjuvant chemotherapy with S-1. RNA extraction and cDNA synthesis. Total RNA was extracted from gastric cancer tissues and adjacent normal mucosa using TRIzol reagent (Gibco; Thermo Fisher Scientific, Inc.). cDNA was synthesized from 2 µg total RNA using an iScript cDNA Synthesis kit (Bio-Rad Laboratories, Inc., Hercules, CA, USA), prior to being diluted with water to 2 µg/µl and stored at -20˚C until use.
Reverse-transcription polymerase chain reaction (RT-PCR).
RT-PCR was performed using SPARC gene-specific oligonucleotide primers (Table I) . SPARC was amplified using the following thermocycling conditions: 40 cycles of denaturation at 95˚C for 1 min, annealing at 55˚C for 1 min and primer extension at 72˚C for 1 min. β-actin was used as an internal loading control. β-actin was amplified using the following thermocycling conditions: 40 cycles of denaturation at 95˚C for 1 min, annealing at 60˚C for 1 min and primer extension at 72˚C for 1 min. PCR products were separated by gel electrophoresis on a 3% agarose gel, stained with ethidium bromide and visualized under UV illumination.
RT-qPCR. RT-qPCR was performed using iQ SYBR-Green Supermix (Bio-Rad Laboratories, Inc.). PCR reactions were performed in a total volume of 15 µl, containing cDNA prepared from 0.2 µg total RNA, 0.4 µM each gene-specific primer, 7.5 µl iQ SYBR-Green Supermix (which contained dATP, dCTP, dGTP and dTTP, each at concentrations of 400 µM) and 50 U/ml iTag DNA polymerase. The following thermocycling conditions were used: Initial denaturation at 95˚C for 3 min, followed by 40 cycles of denaturation at 95˚C for 15 sec, annealing at 55˚C or 60˚C for 15 sec for SPARC or β-actin, respectively, and primer extension at 72˚C for 30 sec, followed by a final extension at 72˚C for 10 min. To distinguish specific from non-specific products and primer dimers, melting curve analyses were performed. To evaluate specific mRNA expression in the samples, a standard curve was created for each run, based on three points from human control cDNA (Clontech Laboratories, Inc., CA, USA).
The concentrations of each sample were calculated by relating their crossing point to the standard curve. The number of experimental repeats was three times, and the method used for quantitation was relative quantities (19) (iQ5 software version 2.0; Bio-Rad Laboratories, Inc.). β-actin was used as an internal loading control. PCR primer sequences for amplifying SPARC and β-actin are presented in Table I .
Immunohistochemistry. Immunohistochemical studies were performed using formalin-fixed, paraffin-embedded tissue specimens obtained from patients with stage II/III gastric cancer. The tissues were fixed with 10% formalin at room temperature for 48 h. The thickness of the sections was 4 µm. Tissue sections were deparaffinized with xylene and descending alcohol series (100% ethanol twice, 95% ethanol once and finally 70% ethanol once) and soaked in 10 mM sodium citrate buffer (pH 9.0) at 121˚C for 15 min for antigen retrieval. Sections were subsequently incubated at 4˚C for 20 h to allow antigen-antibody binding. Primary polyclonal antibodies against SPARC (dilution, 1:50; cat. no. sc-25574; Santa Cruz Biotechnology, Inc., Dallas, TX, USA). A peroxidase-labeled polymer (undiluted; EnVision + anti-rabbit immunoglobulin/goat polyclonal antibody; cat. no. K4002; Dako; Agilent Technologies, Inc., Santa Clara, CA, USA) was used to detect signals of the antigen-antibody reaction at room temperature for 30 min, and the internal control using a rabbit immunoglobulin antibody (dilution, 1:5,000; cat. no. X0903; Dako; Agilent Technologies, Inc.) Blocking reagent was 3% hydrogen peroxide at room temperature for 5 min. All sections were counterstained at room temperature for 50 sec with hematoxylin. Immunohistochemistry was viewed using a light microscope at a magnification of x200.
Statistical analysis. SPARC gene expression levels in gastric cancer tissues were compared with those in adjacent normal mucosa using the Wilcoxon signed-rank test. A univariate Cox proportional hazards model was used to evaluate the degree of association between overall survival rates and SPARC gene expression levels and other potential prognostic factors, including age, sex, histological type, tumor size, depth of invasion, lymph-node metastasis, number of lymph-node metastases, lymphatic invasion, venous invasion and TNM stage. Cut-off values of SPARC gene expression levels were evaluated using a multivariate Cox proportional hazards model comprising prognostic factors that were significantly associated with overall survival rates in univariate analysis. The optimal cut-off value was selected by the minimum P-value method, and the internal validity of the cut-off value was evaluated using a 2-fold cross-validation approach (20) . The association between gene expression levels and potential prognostic factors was evaluated using the χ 2 test. The postoperative survival rate was evaluated using the Kaplan-Meier method, and differences in survival rates were assessed with the log-rank test. P<0.05 was considered to indicate a statistically significant difference. All statistical analyses were conducted using SPSS software, version 22 for Windows (IBM Corp., Armonk, NY, USA), and SAS, version 9.3 (SAS Institute, Inc., Cary, NC, USA).
Results
Immunohistochemistry of SPARC expression. SPARC expression was evaluated in gastric cancer tissues by immunohistochemical analysis. Although SPARC immunopositive staining was observed in both stromal and cancer cells, expression was higher in the former (Fig. 3) .
SPARC mRNA expression in gastric cancer cell lines and patient tissue samples. Expression of SPARC mRNA in human gastric cancer cell lines and patient tissue samples was analyzed by RT-PCR. SPARC mRNA was expressed in human gastric cancer MKN1, MKN7, MKN74 and NUGC-3 cell lines (Fig. 4A) , but its expression varied from low to high depending on the cell line. MKN1 and MKN7 were highly expressed, but MKN74 and NUGC-3 had a low expression. RT-PCR analysis of SPARC mRNA expression in gastric cancer tissue samples and adjacent normal mucosa (n=7) revealed that SPARC mRNA was expressed in both tissue types, but that expression was higher in gastric cancer tissues than in adjacent normal mucosa (Fig. 4B) .
SPARC mRNA levels are higher in gastric cancer tissues than in adjacent normal mucosa. SPARC mRNA expression in patient tissue samples by was confirmed by RT-qPCR. SPARC mRNA levels were significantly higher in cancer tissues than in normal adjacent mucosa (P=0.0012; Fig. 5 ).
Univariate and multivariate analyses of potential prognostic variables, SPARC gene expression and postoperative patient outcomes. SPARC mRNA expression levels (P=0.0021) and (Table IV) .
Survival curves of patients, ranked by SPARC mRNA expression levels. The overall survival rates of patients were plotted relative to the measured SPARC mRNA expression levels using the Kaplan-Meier method. The median follow-up was 1,107 days. In the study group (n=134 patients), the overall survival rate was lower in patients with high SPARC mRNA expression than in those with low SPARC mRNA expression (P=0.000006; Fig. 6 ). Among patients with stage II (n=40) and stage III (n=94) cancer, the overall survival rate was lower in patients with high SPARC mRNA expression than in those with low SPARC mRNA expression (P=0.036 and P=0.0000017, respectively; Figs. 7 and 8, respectively). However, no statistically significant differences in the survival rates of patients in the reference group who were diagnosed with stage II/III gastric cancer and had undergone surgical resection, but had not received adjuvant chemotherapy with S-1 (n=103), were observed between the low or high SPARC expression groups (P=0.732; Fig. 9 ).
Discussion
The results of the present study demonstrated that SPARC mRNA expression levels were higher in gastric cancer tissues than in adjacent normal mucosa, which is in line with the results of previous studies (17, 21) . In addition, through univariate and multivariate analyses of potential prognostic factors using Cox proportional hazards models, high SPARC expression was revealed to be a significant predictor of poor survival in patients with stage II/III Table II . Univariate analysis of potential prognostic variables for overall survival. gastric cancer, who had undergone curative surgical resection and adjuvant chemotherapy with S-1. However, no statistical differences in the overall survival rate of patients with stage II/III cancer who had undergone curative resection but had not received adjuvant chemotherapy with S-1 were observed between patients with low or high SPARC expression. The results of the present study are consistent with those of previous studies reporting an association between high SPARC gene expression and poor patient outcomes. Koukourakis et al (22) reported that high SPARC expression was associated with poor outcomes in patients with stage I/II non-small cell lung cancer who had undergone surgical resection. Infante et al (23) reported that patients whose pancreatic cancer stroma expressed SPARC exhibited a significantly poorer outcome than patients whose tumor stroma did not express SPARC. Zhao et al (16) also reported that high SPARC expression was significantly associated with poorer 5-year Figure 6 . Comparison of overall survival rates between low and high SPARC expression levels in patients who had following adjuvant S-1 chemotherapy (P=0.000006, as determined using the log-rank test). SPARC, secreted protein, acidic and cysteine-rich. Comparison of overall survival rates between high and low SPARC expression levels in the patients who had not received adjuvant S-1 chemotherapy (P=0.732, as determined using the log-rank test). SPARC, secreted protein, acidic and cysteine-rich.
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survival rates for patients with all stages of gastric cancer. Furthermore, Jeung et al (24) reported that high SPARC expression was associated with early progressive disease (PD) and poor survival in patients with unresectable gastric cancer who had received combinatorial S-1 plus docetaxel chemotherapy.
Analysis of the potential association between SPARC gene expression and various clinicopathological features revealed no significant associations in patients with stage II/III gastric cancer who had undergone surgical resection followed by adjuvant chemotherapy with S-1. However, previous studies have reported that high SPARC gene expression is associated with the depth of tumor invasion of stage I-IV gastric cancer (25) , lymph node metastasis in esophageal cancer (26) , tumor size, degree of differentiation, depth of invasion, vascular invasion, lymph-node metastases, distant metastases and TNM stage in gastric cancer (16, 17) .
The molecular mechanisms underlying the association between SPA RC gene expression and the outcomes of patients with gastric cancer remain to be fully elucidated. McClung et al (27) reported that SPARC upregulated MT1-MMP expression and MMP2 activity in SPA RC-transfected clones of glioma cells. These MMPs induce degradation of the extracellular matrix and promote cancer cell invasion and metastasis, leading to poorer outcomes (28) . In vitro, SPARC inhibits apoptosis by interacting with integrin β1 heterodimers that enhance integrin-linked kinase activation (29) . Chemoresistance due to anti-apoptotic activity of SPARC was suggested to be associated with poor treatment prognosis in patients with Table IV . Association between SPARC gene expression and potential prognostic variables. unresectable gastric cancer. Further studies are required to clarify whether high SPARC levels may result in nonspecific chemoresistance. Us i n g c o i m m u n o p r e c i p it a t i o n ex p e r i m e n t s, Huynh et al (30) demonstrated an association between SPARC expression and tubulin in Xenopus embryonic cell lysates, indicating a role for SPARC in mitosis. Recently, SPARC has been suggested to participate in the tumor response to taxanes, which stabilize microtubules, thereby preventing tumor cell division. In previous studies on patients with breast cancer, SPARC was selected as a candidate biomarker of the response to docetaxel (24) and was suggested as a useful biomarker of the effectiveness of nab-paclitaxel therapy (31, 32) .
The standard treatment for stage II/III gastric cancer is curative resection and follow-up chemotherapy with fluoropyrimidine anticancer agents, including S-1. According to Japanese gastric cancer treatment guidelines (2014), second-line chemotherapies, including paclitaxel and ramucirumab, are recommended for the treatment of patients with recurring gastric cancer (33) . Although high SPARC expression increases the probability of recurrence following first-line treatment, it may explain the high therapeutic effect of paclitaxel for the aforementioned reasons. Therefore, SPARC may represent an important biomarker in designing a treatment strategy for patients with recurring stage II/III gastric cancer.
High SPARC gene expression is a significant prognostic indicator of the outcomes of patients with stage II/III gastric cancer following curative resection and adjuvant chemotherapy with S-1.
